R andomized clinical trials have shown that carotid endarterectomy decreases the risk of subsequent stroke in patients with high-grade carotid stenosis and ipsilateral transient ischemic attack or minor stroke.1-3 These trials reported perioperative mortality and morbidity rates of approximately 4% to 6% . [1] [2] [3] [4] Operative mortality and postoperative complication rates only slightly higher than those observed in these trials would eliminate the observed benefit of the operation. [5] [6] [7] The risk of death or stroke after carotid endarterectomy varies in different settings. Several surgical series report perioperative (30-day) mortality rates of approx-imately 1% and stroke rates of approximately 3%.7-10 However, community-based studies have reported mortality rates of approximately 3%, with combined morbidity and mortality rates ranging from approximately 6% to 20%.1"-" The overall combined morbidity and mortality rate from carotid endarterectomy in the United States has been estimated to be between 6% and 10%. 5 Despite the importance of this issue, there have been few studies aimed at predicting the complications of carotid endarterectomy. Fisher Only major complications that occurred in the hospital were considered. These adverse outcomes were postoperative stroke, myocardial infarction (MI), and death. Stroke was defined as a new acute focal neurological deficit that persisted for more than 24 hours. A diagnosis of MI was based on electrocardiographic or cardiac enzyme changes. Complications were identified from the discharge summary, hospital progress notes, consultant notes, and operative report.
The initial data collection was designed to provide information necessary to apply the Sundt classification scheme.20 This scheme classifies patients into four groups based on the degree of neurological stability and the presence of a set of medical and angiographic risk factors as follows: (1) neurologically stable patients with no major medical or angiographically determined risks but with unilateral or bilateral ulcerative-stenotic disease, (2) neurologically stable patients with no major medical risks but with significant angiographically determined risks, (3) neurologically stable patients with major medical risks with or without significant angiographically determined risks, and (4) patients with major neurological risks (ie, neurologically unstable patients) with or without associated major medical or angiographic risks.
The angiographically determined risk factors used to categorize patients are occlusion of the nonoperative internal carotid artery, stenosis of the internal carotid artery in the region of the siphon, extensive involvement of the vessel to be operated on with extension of the plaque for more than 3 cm distally in the internal carotid artery or for more than 5 cm proximally in the common carotid artery, bifurcation of the carotid artery at the level of C-2 in conjunction with a short neck, or evidence of a soft thrombus extending from an ulcerative lesion. Angiographic risk factors corresponding to those cited in the Sundt criteria were recorded if mentioned specifically in radiologists' readings but were otherwise categorized as "absent." The rarity with which these data are specifically mentioned in the angiographic reports in the present study suggests that these findings may be underreported.
Medical risk factors include angina or MI within 6 months, congestive heart failure, severe hypertension (blood pressure greater than 180/110 mm Hg), chronic obstructive pulmonary disease, age over 70 years, and severe obesity. The precise operational definitions of congestive heart failure, chronic obstructive pulmonary disease, and severe obesity were not provided by Sundt and coworkers. In our modification of the index, any notation of these diagnoses in the medical record sufficed.
Neurological instability was defined by Sundt et a120 as "a progressing neurologic deficit, a deficit of less than 24 hours' duration, frequent daily TIA, or neurologic deficits secondary to multiple cerebral infarctions." We defined neurologic instability as either stroke-in-evolution at the time of endarterectomy or transient ischemic attack (TIA) or stroke within 1 day of endarterectomy. Frequent daily TIAs and deficits due to multiple cerebral infarctions could not be included in our classification because they were not reliably recorded in the hospital charts.
Validation is essential to model development.21,22 When this development is data driven (eg, stepwise selection algorithm), models typically perform less well in practice than during their development. Therefore, a realistic assessment of the performance of a new model requires examination of the predictive performance on a data set separate from that used in development of the model.
In this study, we randomly divided one third (n=388) of the subjects into a training set for model development and two thirds (n=772) into a validation set for model validation. Randomization was stratified by outcome, so that each set contained a representative number of complications of carotid endarterectomy. Based on both sample size and clinical considerations, we used combined end points of (1) nonfatal stroke or death and (2) nonfatal stroke, nonfatal MI, or death. The training set contained 20 patients with nonfatal stroke or death and 27 with nonfatal stroke, nonfatal MI, or death.
To develop the new predictive model, the investigators first listed the factors thought to influence the likelihood of complications of carotid endarterectomy (Appendix 2). The training data set was used to calculate univariable X 2 statistics for candidate variables. Those variables demonstrating an association with complications (ie, P<.10) in the training set were selected as potentially important predictors. After the core set of predictors was determined, various clinically plausible ways of combining these predictors into indexes (ie, predictive models) were considered. The behavior of these possible indexes was assessed using a combination of clinical and statistical considerations (ie, x2 techniques), and a single "best guess" model was chosen for validation. The predictive ability of the new index was assessed in the validation set. Because of small numbers of patients in some risk groups, the new index was dichotomized into "low"-and "high"-risk groups for stroke, MI, or death. Standard 2x2 table measures-sensitivity, specificity, positive and negative predictive values, and likelihood ratios for a positive and negative test result, and risk ratios and 95% confidence intervalswere calculated.
The validity of the modified Sundt index was examined using the same techniques described above for validating the new index. However, because the modified Sundt index was not derived from any part of the present data set, its performance was assessed in the entire data set rather than only in the validation set.
Results
The mean age of patients in the study sample was 67 years (SD, 8.4 years). Ninety-five percent were white and 35% were women. Distributions of other characteristics are available in Appendix 2. The overall complication rates were mortality, 1.4%; postoperative nonfatal stroke, 3.4%; postoperative nonfatal MI, 2.1%; stroke or death, 4.8%; and stroke, MI, or death, 6.9%.
An initial analysis failed to reveal statistically significant differences in complication rates among the 12 hospitals. Therefore, the data were collapsed across hospitals and hospital identity was not considered thereafter. The final index was obtained by counting for each patient the number of the following risk factors: age 75 years or older, evidence of internal carotid artery thrombus on angiogram, internal carotid artery stenosis near the carotid siphon, severe hypertension, performance of carotid endarterectomy in preparation for coronary artery bypass surgery, history of angina, and ipsilateral symptoms. Low-risk patients were those who had either 0 or 1 risk factor; high-risk patients were those who had two or more risk factors. Table 3 shows the distribution of subjects when the new index was applied to the validation set. The new index maintained a statistically significant association with complications of stroke or death (X 2j = 4.42; P=.036) and stroke, MI, or death (X21=4.20; P=.04).
The sensitivity was 60.4%, and specificity was 54.2%. The probability that a patient in the high-risk strata actually had a complication (positive predictive value) was 8.7%. The negative predictive value, or probability that a patient in the low-risk strata had no complication, was 95%. Those in the high-risk groups had a nearly twofold greater risk of stroke, MI, or death than those in the low-risk groups (relative risk [RR]-1.7; 95% confidence interval [CI], 1.0 to 3.0). The difference appeared to be due to higher-thanexpected complication rates for patients predicted to be A more accurate model might be developed using a more subtle weighting of risk factors. Examination of the entire data set may lead to more appropriate weights for risk factors in a multivariable model. After the index was chosen, complication rates were calculated for candidate variables in the entire (training plus validation) data set (Appendix 2). Despite random selection, there were important differences between the training data set used for model development and the entire data set. The variables of age 75 years or older, symptom status (40% of patients at these 12 academic medical centers underwent operation for noncarotid symptoms or asymptomatic stenosis), performance of carotid endarterectomy in preparation for coronary artery bypass surgery, and presence of intraluminal thrombus were significantly related to endarterectomy complications in both the training data set and the entire data set. However, severe hypertension, a history of angina, and the presence of stenosis in the region of the carotid siphon -significantly related to adverse outcome in the training data set-were not significant in the entire data set. Although use of a patch graft and performance of endarterectomy combined with coronary artery bypass grafting were not statistically significant predictors in the training data set-and therefore were not included in the predictive index-these variables were associated with complications when the entire data set was examined. Use of a patch graft showed a trend toward better outcomes and performance of endarterectomy combined with coronary artery bypass grafting showed a trend toward worse outcomes when the entire data set was examined. These differences suggest that the predictive accuracy of our model could have been improved if the training sample had been more representative of the entire population.
Two of the factors in our index are detectable only by arteriography: carotid siphon stenosis and intraluminal thrombus. Ipsilateral carotid siphon stenosis is important in deciding whether a patient may benefit from endarterectomy. Intraluminal thrombus retained a significant association with complications, although siphon stenosis was only a marginally important predictor, when the entire data set was examined. Substituting ultrasound for arteriography in the preoperative evaluation could result in missing potentially important prognostic information.
Both the new index and the modified Sundt index can stratify candidates for carotid endarterectomy according to risk of postoperative in-hospital stroke, MI 
